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Abstract: The Analysis of air quality data for three consecutive years 2018, 2019 and 2020 showed that there was a significant 
reduction in the concentration of almost all pollutants in year 2020 except for ozone and benzene. In 2020 the decrease in 
concentration may be observed due to various restrictions imposed during lockdown called due to COVID - 19 pandemic. 
However, ozone showed an increasing trend, this may be due to more heat and sunlight as ozone primarily results from 
photochemical reactions involving nitrogen oxides and volatile organic compounds in the presence of sunlight and heat. 
Concentration of benzene has increased in 2020, this may be due to certain industries, especially those consuming or releasing 
benzene, might have started operating, resulting in the increase. Local influence of emissions on monitoring stations is also a 
possibility during lockdown period in 2020. A relative reduction of 35.38% in PM10, 38.79% in PM2.5, 23.90% in NO2, 8.22% in 
SO2 , 17.64% in CO, 22.36% in NO and 9.98% in NH3 have been observed in 2020 when compared to 2019. Correlation and p-
value analysis indicates that there is significant correlation between some of the pollutant pairs but the same pattern is not 
retained over time. The Principal component analysis (PCA) reflects that only first four principal components are significant, 
which identifies the pollution caused due to vehicles as primary and major source of air pollution in Delhi. Regional 
atmospheric transfer of pollutants from nearby areas from burning of agricultural waste, coal etc. were found to be the 
secondary major source of air pollution in Delhi. The objective of the present work is to analyze the distribution of eleven major 
pollutants namely particulate matters (PM10 and PM2.5), nitrogen dioxide (NO2), sulphur dioxide (SO2), ozone (O3), nitric oxide 
(NO), oxides of nitrogen (NOx), ammonia (NH3), carbon monoxide (CO), benzene (C6H6), toluene along with meteorological 
parameters, air temperature (AT), wind speed (WS), wind direction (WD), barometric pressure (BP), solar radiation (SR) and 
relative humidity (RH) in the mega city Delhi for the three consecutive years 2018, 2019 and 2020. 
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I.  INTRODUCTION 
ir pollution has become one of the major global problems 
and a serious threat to health, climate and other materials.  
The adverse effect of air pollution also causes damage to 
building materials and cultural objects1. Air pollution is 
severely influenced by multiple environmental or 
meteorological factors, traffic pattern, size, and land use2,3. 
Exposure to air pollution depends on socio-economic and 
socio-cultural differences. A majority of slums in India are 
located close to factories and highways4. Exposure to such 
high levels of air pollution increases the risk of lung cancer, 
cardiovascular disease, chronic and acute respiratory illness 
and infertility5. Beside air quality and human health, air 
pollution also affects climate and agricultural productivity6. 
Exposure to outdoor fine particulate matter (PM2.5) is a serious 
and leading risk factor for mortality also7. 
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The major components of air pollution in urban city are 
ambient particulate matter (PM), household air pollution and 
to some extent ozone in the troposphere. The main sources of 
ambient particulate matter pollution are burning of coal for 
thermal power production, industry emissions, construction 
activity and brick kilns, transport vehicles, road dust, 
residential and commercial biomass burning, waste burning, 
agricultural stubble burning and use of diesel generators. High 
levels of particulate matter (PM) may have severe impact on 
health. There is a strong correlation between ambient 
particulate matter concentration and increase in mortality and 
hospitalizations due to respiratory diseases8. Epidemiological 
studies9 have linked Particulate Matter 10 (aerodynamic 
diameter ≤ 10 µm) referred as PM10 and Particulate Matter 2.5 
(aerodynamic diameter ≤ 2.5 µm) referred as PM2.5 with 
significant health problems, including premature mortality, 
chronic respiratory disease, aggravated asthma, acute 
respiratory symptoms, and decrease in lung function. Ground 
level ambient ozone is produced when nitrogen oxide and 
volatile organic compounds emitted from transport vehicles, 
power plants, factories, and other sources react in the presence 
of sunlight10. It primarily results from photochemical reactions 
involving nitrogen oxides (NOx = NO + NO2) and volatile 
organic compounds (VOCs) in the presence of sunlight11 .  
Ozone is a strong oxidant, and it can react with wide range of 
cellular components and biological materials which may 
damage lung cells and cause several diseases12. 
 
Urban environment is also dominated by another critical 
pollutant, Carbon monoxide (CO). It is toxic and have 
appreciable mass in atmosphere. It is mainly produced from 
incomplete combustion. CO rapidly diffuses across alveolar, 
capillary and placental membrane. Approximately 80-90% of 
absorbed CO binds with hemoglobin (Hb) to form 
Carboxyhemoglobin (COHb), which is a specific biomarker of 
exposure in blood. The affinity of Hb for CO is 200-250 times 
than that of oxygen13. 
 
Due to increased number of vehicles in urban areas, the 
pollutant Nitrogen dioxide (NO2) has become another threat to 
the environment. It is generated by combustion processes. 
About 70-90% of NO2 can be absorbed in the respiratory tract 
of human on inhalation which may cause severe disorders14. 
 
Urban areas are also suffering from the pollutant, Sulphur 
dioxide (SO2), which is a toxic gas and released naturally by 
volcanic activity but it is also generated by human activities 
such as burning of fossil fuel like coal, oil and natural gas. 
Some amount is also released from industrial process such as 
extracting metal from ore. Inhalation of SO2 may cause 
breathing problem particularly in asthmatic persons. It is 
soluble in aqueous media and affects mucous membrane of the 
nose and upper respiratory tract15. It has environmental impact 
too as it combines with water vapours in atmosphere, forming 
sulphuric acid, which falls on the ground as acid rain that 
acidify rivers and lakes and becomes harmful for aquatic 
animals. Ammonia is another harmful gas, which originate 
from agriculture i.e., manure and fertilizer application. The 
main source of benzene is from forest fire, volcanic eruption 
and cigarette smoke. However, the pollutant toluene is present 
in paints, thinner tobacco smokes etc. 
 
Currently almost entire world is being affected by the 
global pandemic caused due to zoonotic virus named 
Coronaviruses, which may cause Severe Acute Respiratory 
Syndrome (SARS-CoV). Those living in areas with higher 
levels of air pollution face greater risk of infection and can 
experience more severe Coronavirus disease (COVID-19) 
symptoms and outcomes. Some study also indicate that higher 
level of fine particulate matter PM2.5 are associated with 
higher death rates from COVID-1916. 
 
Delhi being the important node in the international 
corporate and financial network across the globe so became 
more vulnerable to the infection due to COVID-19 and now it 
is facing the stage of community spread. Efforts have been 
made to address the impact of COVID-19 on airpollution17, 18. 
 
The problems due to air pollution is multi-dimensional as 
well as multi-sectorial, which requires a potent and 
contemplate approaches that takes into account the best 
available epidemiological evidences, cost-analysis of various 
interventions, and a strong communications platform to ensure 
broad awareness of the health impacts of air pollution and the 
advantages of reduction in air pollution. However, prior to 
development of any interventions and policy 
recommendations, rigorous analysis of recent available data 
becomes essential.  For analysis of the air pollution data, 
statistical tools such as multivariate statistical analysis, which 
includes correlation and p-value analysis, principal component 
analysis etc. may be used.19 - 21 
 
Motivated with the above arguments and recent article22, in 
the present study, the average annual air pollution data 
recorded from 36 air quality monitoring stations in the mega 
city Delhi have been analyzed for three consecutive year 2018, 
2019,  2020 on the basis of concentration of major pollutants 
and meteorological parameters. Correlation and p-value 
analysis have been carried out to determine the linear 
association between the pollutants. To identify possible 
sources of various pollutants the Principal component analysis 
(PCA) have been carried out for all the three years. 
Comparative study has also been carried out for the 
distribution of pollutants in the national capital city Delhi for 
the years 2018, 2019 and 2020 for all air quality monitoring 
stations for which the data was available. The present study 
may be useful in identifying the primary and secondary 
sources of pollutants, which may help in determining 
appropriated measures or policies to reduce the level of 
pollutants in future. 
II.  MATERIALS & METHOD 
Study area and selection of Air quality monitoring stations 
 
The study area is the critically polluted city Delhi, which is 
a mega city and a union territory of India containing New 
Delhi, the capital of India. According to “The world’s cities in 
2016”, United Nations, the National Capital Territory of Delhi 
is the second leading megacity having second largest urban 
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area in the world.   It is a massive metropolitan area located in 
northern part of the India with approximately 1.68 crore 
inhabitants. It exhibit a decadal growth rate of 21% with 
population density of 11297 person per square kilometer23. It 
has now emerged as an important node in the international 
corporate and financial network across the globe. It also shares 
its boundaries with cities Noida, Ghaziabad, Faridabad and 
Gurgaon, which contributes to an enormous flux of vehicles 
into the city. 
 
In Delhi, the air quality is monitored and managed by the 
Central Pollution Control Board (CPCB) of India under the 
Ministry of Environment and Climate change, The System of 
Air Quality and Weather Forecasting and Research (SAFAR) 
and Delhi Pollution Control Committee (DPCC). Delhi 
encompasses the total area of 573.0 square miles and have 
currently 38 air quality monitoring stations having capacity to 
monitor and record various pollutants present in air.  Delhi has 









Fig. 1b: Reference Map of the NCT of Delhi showing 
Location of air quality monitoring stations along with their 
latitude and longitude.25 
 
Air Pollution Data Description and Visualization 
 
There are 38 air quality monitoring stations in Delhi. Their 
locations are shown in Fig. 1. In the present study all 38 air 
quality monitoring stations of Delhi have been observed for 
three consecutive years 2018, 2019 and 2020. The monitoring 
stations Anand Vihar, Bawana, Narela, Okhla PH2, Patparganj 
and Wazirpur are located in industrial cum residential areas, 
however the remaining stations are located in residential areas. 
The air pollutants investigated and analyzed in the study were 
particulate matter (PM2.5, PM10), nitrogen dioxide (NO2), 
sulfur dioxide (SO2), ozone (O3), nitric oxide (NO), oxides of 
nitrogen (NOx), ammonia (NH3), carbon monoxide (CO), 
benzene (C6H6), toluene along with meteorological parameters 
which were air temperature (AT), wind speed (WS), wind 
direction (WD), barometric pressure (BP), solar radiation (SR) 
and relative humidity (RH) .  The data of annual average 
concentration of the pollutants and meteorological parameters 
have been collected from the official website of Central 
Pollution Control Board of India26.  It was observed that the 
data for some parameters were missing for some monitoring 
stations. For the year 2018, complete data on all considered 
pollutants were found from 25 monitoring stations. However, 
the complete informations on all pollutants have been obtained 
from 18 and 21 monitoring stations for the year 2019 and 2020 
(upto October, 2020) respectively. The concentration of 
pollutants and meteorological parameters, which were 
observed from various monitoring stations for the years 2018, 
2019 and 2020 have been plotted in Fig. 2(a) –Fig. 2(q). The 
stations with missing data were dropped from the study. The 
standard methods of measurement of pollutant 
concentrations27 as prescribed by National Ambient Air 
Quality Standard (NAAQS), is used by Central Pollution 
control Board, India to compute the concentration of 
pollutants. 
 
Correlation and p-value analysis 
 
Correlation is a method of establishing the degree of 
probability that a linear relationship exists between the 
variables taken in pair. If the change in one variable affects a 
change in the other variable, the variables are said to be 
correlated. If the two variables deviated in the same direction, 
then the correlation is said to be positive. But if they 
constantly deviate in the opposite direction, then the 
correlation is said to be negative. Pearson correlation 
coefficient represents the normalized measure of strength of 
linear relationship between the variable.  The Pearson’s 
correlation coefficient between two random variables ‘X’ and 
‘Y’ (say) is denoted and defined as 
 
    ………………(1) 
 
Where  denote the covariance between the variables 
‘X’ and ‘Y’;  denote the standard deviations of ‘X’ 
and ‘Y’ respectively. 
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The concept of correlation has been used here to measure 
strength of linear relationship between 11 pollutants (PM10, 
PM2.5, NO2, SO2, CO, O3, NO, NOx, NH3, Benzene and 
Toluene) considered in this study. Pearson’s correlation 
coefficient has been computed for all possible pair of 
pollutants in terms of the correlation coefficient matrix and 
result obtained is expressed in Fig. 3. 
 
p-value is another statistical concept used to evaluate how 
well the interpreted data rejects the null hypothesis, which 
states that there is no relationship between the variable pair 
considered. If the p value is smaller than the significance level 
(0.05), then the corresponding correlation between the variable 
pair is considered significant. For the considered data the p-
values have been computed for each pair of pollutants and the 
results are presented in italic font in Fig. 3. 
 
Principal Component Analysis 
 
Since, the data considered for analysis consists of multiple 
pollutants so the principal component analysis (PCA) is used 
to identify the sources of pollutants. PCA is an exploratory 
multivariate data analysis technique used to reduce the 
dimensionality of dataset. It as a method of transforming the 
original (interrelated) variables into new, uncorrelated 
(independent) variables28. The new variables are called the 
principal components (PC). The amount of information 
conveyed by each PC is measured by its variance, so the PC’s 
are arranged in order of decreasing variance. Each Principal 
Component is the linear combination of the original variables 
and all principal components are orthogonal to each other, so 
there is no redundant information.  The first principal 
component accounts for maximum variance (information in 
data) in the original dataset. The second principal component 
is orthogonal (uncorrelated) to the first one and accounts for 
the largest amount of the remaining variance and so on. The 
number of components selected may be determined by 
examining the proportion of total variance explained by each 
component. The algorithm for implementing PCA is presented 
below: 
 
(i)     Standardized the initial variables so that each one of them 
contributes equally to the analysis. Mathematically this 
can be accomplished by subtracting the mean and then 
dividing the result by the standard deviation for each 
value of each variable. 
(ii) Compute the covariance matrix ‘A’ (say) to understand 
how the variables of the input data set are varying from 
the mean with respect to each other. 
(iii) Compute the eigenvalues of the covariance matrix “A” 
from its characteristics equation  
, where λ is the eigenvalue and I is the 
identity matrix. 
(iv) For each eigenvalue, a non-zero vector ‘e’ can be defined 
as , where the vector ‘e’ is called eigenvector 
of the covariance matrix ‘A’ associated with 
corresponding eigenvalue. 
(v) The eigenvectors derived from the covariance matrix 
represent the mutually orthogonal linear combination of 
the matrix. Their associated eigenvalue represent the 
amount of total variance, which is explained by each 
eigenvectors. 
(vi) The average eigenvalue of the centered and scaled data is 
just one, so only components with eigenvalues greater 
than one are considered important. This is termed as 
Kaiser Criterion29. 
 
The Eigenvalues and accumulated variance of the principal 
components have been computed for the considered air 
pollution data using MATLAB software and the results 
obtained are presented in Table 1.  This technique have been 
used to identify the pollution sources of air, water and soil 
pollution30, 31. Applying Kaiser Criterion and Varimox 
Rotation, all factors showing the eigenvalues greater than one 




Factor analysis is a multivariate statistical tool, which looks 
similar to PCA but they differ from each other. In PCA, the 
major objective is to select a number of components that 
explain as much of the total variance as possible. On the other 
hand, the factors obtained in factor analysis are selected 
mainly to explain the interrelationship among original 
variables. Ideally, the number of factors expected is known in 
advance. The major emphasis is placed on obtaining easily 
understandable factors that convey the essential information 
contained in original set of variables. The main numerical 
aspects of factor analysis are concerned with finding factor 
loadings, which are the correlations between the standardized 
variables and the factors. Hence, using the PCA the factors are 
identified and factor loadings for each factor is evaluated 






Fig. 2(a). Annual average variations of pollutant PM10(in 











Fig. 2(b). Annual average variations of pollutant PM2.5(in 




Fig. 2(c). Annual average variations of pollutant NO2((in 




Fig. 2(d). Annual average variations of pollutant SO2(in 












Fig. 2(e). Annual average variations of pollutant CO (in µ/m3) 




Fig. 2(f). Annual average variations of pollutant O3(in µ/m3) 




Fig. 2(g). Annual average variations of pollutant NO (in µ/m3) 














Fig. 2(h). Annual average variations of pollutant NOx(in 




Fig. 2(i). Annual average variations of pollutant NH3(in µ/m3) 




Fig. 2(j). Annual average variations of pollutant C6H6(in µ/m3) 












Fig. 2(k). Annual average variations of pollutant Toluene (in 




Fig. 2(l). Annual average variations of AT (in degree Celsius) 




Fig. 2(m). Annual average variations of BP (mmHg) during 
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Fig. 2(n). Annual average variations of pollutant SR(in 




Fig. 2(o). Annual average variations of RH (%) during the 




Fig. 2(p). Annual average variations of pollutant WD (degree) 




Fig. 2(q). Annual average variations of WS (in m/s) during the 
study period: Year 2018 to 2020 
 
TABLE 1 
Principal Component Analysis and Factor Analysis results for the whole study period 
 
Parameter 2018 2019 2020 
F 1 F 2 F 3 F 4 F 1 F 2 F 3 F 4 F 1 F 2 F 3 F 4 
PM10 -0.06 0.49 0.42 0.39 -0.01 0.98 -0.05 0.17 -0.02 0.93 -0.06 0.03 
PM2.5 -0.14 0.90 0.30 0.17 -0.075 0.98 -0.19 0.29 -0.12 0.94 -0.27 0.04 
NO2 0.68 0.38 -0.22 0.09 0.99 -0.13 -0.01 0.48 0.59 0.10 0.07 0.65 
SO2 0.08 0.42 -0.27 0.13 0.01 0.31 0.04 0.58 0.17 0.16 0.72 -0.23 
CO 0.54 -0.07 0.24 0.02 0.42 0.35 0.39 -0.05 0.35 0.40 0.13 0.09 
O3 -0.23 -0.86 -0.60 -0.17 -0.32 -0.17 0.07 0.01 -0.04 -0.02 0.44 0.04 
NO 0.99 -0.12 0.19 -0.12 0.93 0.03 0.01 -0.15 1.03 -0.14 -0.03 -0.02 
NOx 0.97 0.03 -0.12 0.02 0.98 0.01 -0.03 -0.02 0.96 -0.03 -0.17 0.23 
NH3 -0.07 -0.26 0.16 0.85 0.09 0.53 -0.04 -0.20 0.20 0.37 -0.91 -0.13 
Benzene 0.01 0.98 0.19 -0.49 0.06 -0.26 0.98 -0.01 0.14 -0.30 0.23 0.14 
Toluene -0.08 0.18 0.65 -0.01 -0.22 0.29 0.71 0.18 -0.26 0.38 0.31 0.14 
Eigen Value 4.49 1.97 1.48 1.06 4.71 2.011 1.45 1.03 3.49 2.09 1.91 1.28 
Percentage 
Variance 
40.81 17.88 13.49 9.6 42.84 18.28 13.22 9.37 31.79 19.06 17.35 11.68 
Cumulative  
Percentage 
40.81 58.69 72.18 81.82 42.84 61.13 74.34 83.72 31.79 50.85 68.21 79.89 
  









Average concentration of various pollutants and 
meteorological parameters during the study period 
 
Pollutants 2018 2019 2020 
PM10 218.1184 244.7247 158.1334 
PM2.5 116.3639 109.0914 78.60111 
NO2 48.47059 46.23059 35.18471 
SO2 13.8363 14.23185 13.06407 
CO 1.449444 1.359167 1.115 
O3 34.99972 33.06083 33.81444 
NO 37.22676 31.56568 24.51081 
NOx 61.13 52.26571 41.81314 
NH3 41.47692 36.77385 33.09808 
Benzene 4.1357 4.113889 5.931905 
Toluene 38.54327 32.08389 36.30286 
AT 23.64667 25.24364 26.47542 
BP 952.0652 958.3552 953.9789 
SR 142.9557 126.0517 137.5128 
RH 60.11909 57.18571 59.76724 
WD 168.1213 181.0258 189.3893 
WS 1.465 1.332593 1.138929 
 
TABLE 5 
Change in meteorological parameters during the years 2019 
and 2020 as compared to the year 2018 
 












2019 +1.59 +6.29 -16.90 -
2.93 
+12.90 -0.13 





Change in meteorological parameters during the 2020 as 
compared to the year 2019 
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TABLE 3 
Percentage relative change in the concentration of various pollutants during the year 2019 and 2020 as compared to the year 
2018 
 
Year PM10 PM2.5 NO2 SO2 CO O3 NO NOx NH3 Benzene Toluene 
2019 +12.20 -6.25 -4.62 +2.86 -6.23 -5.54 -15.21 -14.50 -11.34 -0.53 -16.76 
2020 -27.50 -32.45 -27.41 -5.58 -23.07 -3.39 -34.16 -31.60 -20.20 +43.43 -5.81 
 
TABLE 4 
Percentage relative change in the concentration of various pollutants during the year 2020 compared to the year 2019 
 
Year PM10 PM2.5 NO2 SO2 CO O3 NO NOx NH3 Benzene Toluene 
2020 -35.38 -27.95 -23.89 -8.21 -17.96 +2.28 -22.35 -20.00 -9.99 +44.19 +13.15 
 
III.  RESULT AND DISCUSSION 
The average concentration of all pollutants shows 
decreasing trend in the year 2020 when compared to 2018 
except the volatile organic compound, benzene (Table 3). 
However, when the average concentration of pollutants for the 
year 2020 is compared with that of the year 2019, it is 
observed that except ozone, benzene and toluene the average 
concentration of all other pollutants decreases (Table 4). 
 
Variation in concentration of particulate matters (PM10 
and PM2.5) 
 
Close analysis of Fig. 2(a) shows that the concentration of 
PM10 have increased in 2019 at all monitoring stations in 
comparison to the year 2018. However, it shows a decreasing 
trend in 2020 at all monitoring stations when compared to the 
year 2018 and 2019. This decrease may be due to various 
lockdowns implemented due to COVID 19 pandemic. The 
concentration of pollutant PM2.5 at all monitoring stations 
shows almost similar trend in the year 2019 as was in the year 
2018 except at two stations Alipur and Anand Vihar. For the 
year 2020, at all monitoring stations the average concentration 
is reduced when compared to 2018 and 2019. The percentage 
relative change in overall average concentration of PM10 and 
PM2.5 are +12.20 and -6.25 respectively in 2019 when 
compared to 2018.  This increase in PM10 concentration may 
be due to tremendous increase in vehicular traffic, which is the 
main source of PM10 in ambient air. However, percentage 
relative change in the average concentration of both the 
parameters decreases substantially in the year 2020 when 
compared with the year 2018 as well as 2019. The main reason 
of these reduction in average concentration in 2020 may be 
due to massive decrease in vehicular traffic, halting of 
industries and stopping of all construction related work32, 
sealing of borders of the city during various complete 
lockdowns and restricted unlocks implemented due to Covid- 
19 pandemic in the year 2020. The decline in PM2.5 
concentration is also due to less movement of people to keep 
“social distancing” to control the spread of CORONA virus33. 
In general the process of open crop residue burning in the 
northwestern states of India is thought to be significantly 
responsible for some of the extreme air pollution episodes 
during the post-monsoon period in Delhi34. 
 
Variation in concentration of trace gases 
 
Oxides of Nitrogen and Ammonia 
 
The variation in the concentration of NO2, NO, NOx and 
NH3 have been shown in Fig. 2(c), 2(g), 2(h) and 2(i) 
respectively for each monitoring stations and for the three 
consecutive years 2018, 2019 and 2020. It is observed that the 
maximum concentration of NO2, NO and NOx have been 
observed from the monitoring station at Anand Vihar for all 
the three years. As it is generated by combustion process so 
the reason for high concentration of these pollutants may be 
the high population density of Anand Vihar resulting in high 
vehicular movement so high combustion. However the highest 
average concentration of NH3 has been noted from the 
monitoring station at ITO in 2018. A decrease of 4.62% for 
NO2, 15.21% for NO, 14.50% for NOx and 11.34% for NH3 
have been observed in the year 2019 when compared to 2018. 
Similarly, the average concentration of NO2 is reduced by 
27.41%, whereas NO, NOx and NH3 recorded a substantive 
decrease of 34.16%, 31.60% and 20.20% respectively in 2020 
when compared to 2018. The percentage decrease of the 
oxides of nitrogen and ammonia was found as 23.89% for 
NO2, 22.35% for NO, 20.00% for NOx and 9.99% for NH3, 
respectively in 2020 as compared to 2019. 
 
The activities like biomass burning, domestic emission, 
vehicular emission, combustion process etc. are main source 
of generation of oxides of nitrogen and ammonia. In 2020, due 
to COVID 19 pandemic, above activities were restricted or 
limited, this may be the reason for decrease in level of oxides 
of nitrogen35  pointed that strict lockdown reduces the 
tropospheric column of NO2 also. 
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The decrease in the concentration of NH3 can be due to the 
formation of secondary aerosols like ammonium sulphate and 
ammonium nitrate with an increase in the rate of 
photochemical reactions36 -39. 
 
Sulphur dioxide, carbon monoxide and ozone 
 
The average concentration of SO2 have been found to 
increase in the year 2020 for many of the monitoring stations 
like ITO, JLN Stadium, Major Dhyan Chand National 
stadium, Mandir Marg, Okhla Phase 2, Patparganj, Srifort. and 
Vivek Vihar (Fig.2(d)). The monitoring station at Vivek Vihar 
recorded maximum concentration of pollutants SO2 in the year 
2020. The main source of SO2 are burning of fossil fuel like 
coal, oil, and natural gas. Despite of lockdowns called in 2020, 
the concentration of SO2 is found to increase for many 
monitoring stations. The reason may be that after lock down 
suddenly activities were increased due to opening of many 
industries. The average concentration of SO2 is found to 
increase by 2.86% in 2019 when compared to 2018. However, 
it decreased by 5.58 % in 2020 when compared to 2018 (Table 
3). The overall average concentration of SO2 have been found 
to be decreased by 8.21% in 2020 when compared to 2019. 
 
The average concentration of CO was found to be 
maximum from the station located at Anand Vihar for all the 
three consecutive years. Its main source is incomplete 
combustion and Anand Vihar is worse affected by it. The 
concentration is found to decrease over time. The percentage 
decrease of 6.23% and 23.07% have been observed in 2019 
and 2020 respectively when compared with 2018.  Substantive 
decrease of 17.96% have been noted in the year 2020 when 
compared to 2019. 
 
The concentration of ozone was observed to be maximum 
for the monitoring station located at Srifort. The average 
concentration is observed to fall by 5.54% in 2019 and 3.39% 
in 2020 when compared to 2018. However, the concentration 
increases by 2.28% in 2020 when compared to 2019. The 
reason for sudden rise in the level of O3 may be the increase in 
the intensity of solar radiation, which helped to the continuous 
rise of ozone and the decrease in the concentration of NO in 
the year 2020 due to various lockdowns called in lieu of 
pandemic as NO helps in the breakdown of O3 to O239. 
 
Variation in concentration of volatile organic compounds 
 
The concentration of benzene was recorded as maximum in 
the year 2020 from the monitoring station located at RK 
Puram and from monitoring station at Alipur in 2018. Overall 
average decrease of 0.53% for benzene and 16.76% for 
toluene have been observed in 2019 when compared to 2018. 
However, the concentration of benzene increases by 43.43% 
and that of toluene decreases by 5.81% in 2020 when 
compared to 2018. The average overall concentration of 
benzene as well as toluene is found to significantly increase by 
44.19% and 13.15% respectively in the year 2020 when 
compared to 2019. The reason may be the attributed to the 
sudden increase in vehicular movement40 and reopening of 
industries after lockdowns were called off. 
Impact of meteorological parameters 
 
Time varying41 meteorological parameters analyzed in this 
study are Air Temperature (AT), Barometric Pressure (BP), 
Solar radiation (SR), Relative humidity (RH), Wind direction 
(WD) and Wind speed (WS) over the period of three years. 
 
Air temperature affects the dispersion of pollutants in the 
atmosphere. Fig. 2(l) shows the annual average air 
temperature for the three consecutive years 2018, 2019 and 
2020. It is observed that for many stations, AT has increased 
in 2020 as compared to 2018 and 2019. The maximum AT 
recorded in 2018 is 28.94oC from the monitoring station 
IHBAS, in 2019 the maximum AT goes to 27.21oC, which is 
recorded from monitoring station Patparganj.  In 2020 the 
maximum AT recorded is 28.33oC, which is from the 
monitoring station Anand Vihar. The average annual 
temperature during 2019 and 2020 have been increased by 
1.59 oC and 2.83 oC respectively as compared to annual 
average air temperature in 2018 (Table 4). Also the average 
annual AT of 2020 is increased by 1.23 oC when compared 
with 2019 (Table 5). Therefore, a slight decrease in 
concentration of pollutant in 2020 may be due to increase in 
average annual air temperature. 
 
The increase in the wind speed is favorable for the 
dispersion of pollutants39. Wind speed decreased in the year 
2019 and 2020 by 0.13 m/s and 0.33 m/s respectively when 
compared to 2018. It also decreased in 2020 by 0.19 m/s when 
compared to 2019. 
 
High humidity increase the rate of harmful chemicals in the 
ambient air and dust mites inside our homes resulting in the 
accumulation of pollutants. The accumulation rates of PM2.5 
are favoured by very dry (< 45%), dry (45% – 60 %), and low 
(60 % - 70%) relative humidity in the ambient air, whereas the 
other pollutants PM10, SO2 and NO2 accumulations are peaked 
at 45 ± 5 % relative humidity42. The relation between PM2.5 
concentration and the RH to the visibility have been identified 
as, the visibility decreases quickly as PM2.5 concentration 
increases at clean condition and decreases slowly when PM2.5 
concentration exceeds 100 µg/m3. However, When RH 
exceeds 40%, atmospheric visibility tends to display an 
inversely proportional and exponential relationship with RH 
under polluted and clean conditions respectively. During the 
study period the annual average RH have been found to 60.12 
% in 2018, 57.19% in 2019 and 59.77% in 2020. So, the RH 
remained favourable for the accumulation of PM2.5 throughout 
the study period28. To comment on the visibility more study 
need to be done and seasonal variation in the RH should also 
be analyzed. In the absence of those study, this study may be 
used to have an idea about the accumulation of pollutants. 
 
Raising pressure usually means clear skies, diminishing 
readings make cloudy weather more likely, while a rapid 
falling barometer can indicate an approaching storm44. Low 
pressure periods in winter time are the reason for elevated air 
pollution concentration from local sources45. The annual 
average barometric pressure (BP) in 2018 was recorded as 
952.09mmHg, which rises in 2019 and average is recorded as 
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958.36 mmHg. However, in 2020 the annual average BP 
becomes 953.98mmHg. 
 
Identification of possible sources of pollution 
 
Discussion of results from Correlation and p-value analysis 
 
Form Fig. 3, it is clear that in the year 2018, the p-value is 
less than or equal to 0.05 for the pollutants pairs (PM10, 
PM2.5), (PM10, NO2), (PM10, CO), (PM10, O3), (PM10, NH3), 
(PM10, Benzene),  (PM2.5, CO), (PM2.5, SO2), (PM2.5, O3), 
(PM2.5, Benzene), (NO2, SO2), (NO2, CO), (NO2, NO), (NO2, 
NOx), (NO2, Benzene), (SO2, NOx), (SO2, Benzene), (CO, 
NO), (O3, NO), (O3, Toluene) and (NO, NOx). In the year 
2019, the pollutants pair having significant correlation 
coefficient are (PM10, PM2.5), (PM10, CO), (PM10, Toluene),  
(PM2.5, CO), (PM2.5, NH3),  (NO2, CO), (NO2, NO), (NO2, 
NOx), (CO, NO), (CO, NOx), (CO, NH3), (CO, Benzene), 
(CO, Toluene), (NO, NOx) and (Benzene, Toluene).  
However, the pollutant pairs (PM10, PM2.5), (PM10, CO), 
(PM2.5, NH3), (NO2, CO), (NO2, NO), (NO2, NOx), (SO2, CO), 
(SO2, NH3), (CO, NOx) and (NO, NOx) have significant p-
value in 2020. There is good association between PM10 and 
PM2.5 as the concentration of both the pollutants mainly 
depends on transport/ vehicular emission, biomass burning, 
industrial emission, dust from road side and construction 
activities, which are common source for their generation. 
Also, PM10 as well as PM2.5 correlates significantly with CO 
for all consecutive three years, which may be due to some 
common sources of their generation which is incomplete 
combustion. The pollutant NO2 also correlates significantly 
with CO, which is expected because CO influences the 
oxidation of NO to NO2. CO has a life span of about four 
months in the atmospheric environment and it reacts with 




       …………….. (3) 
 
 
 …….. (4) 
 
The atomic hydrogen (H) produced in reaction (2) 
combines with oxygen molecule in the presence of a third 
body (M) like N2 to form hydroperoxly radical46. 
 
However, for the remaining pollutant pairs the p-value is 
greater than 0.05, which suggests that the correlation between 
them is not significant. 
 
Discussion of results from Principal Component Analysis 
and Factor Analysis 
 
Form Table 1, it is clear that in 2018, the first four factors 
represented the maximum the variances with cumulative 
variance of 81.82%. Factor 1(F 1) represented a variance of 
40.81% with significant factor loadings for NO and NOx. 
Factor 2 (F 2) showed a 17.88% variance with significant 
factor loading for PM2.5 and Benzene. Factor 3 (F 3) 
represented variance of 13.49% with considerable loadings for 
Toluene. However factor 4 (F 4) showed a variance of 9.64% 
with significant factor loadings for NH3.The source of NH3 
can be the agricultural waste burning and rural residential 
sources in the vicinity of the city39. 
 
In 2019, the first four factors represented the maximum the 
variances with cumulative variance of 83.72%. F 1 
represented a variance of 42.84% with significant factor 
loadings for NO2, NO and NOx. F 2 showed 18.28% variance 
with significant factor loading for PM10 and PM2.5. F 3 
represented variance of 13.22% with considerable loadings for 
Benzene and Toluene. F 1, F2 and F3 shows that vehicular 
emission may be the major source of PM, NO, NO2 and NOx.  
However, F 4 showed a variance of 9.37% with significant 
factor loadings for SO2. The vehicular emission can be the 
primary source of these emissions. The main source of these 
may be the thermal power plant. 
 
In 2020 also, the first four factors represented the maximum 
the variances with cumulative variance of 79.89%. F 1 
represented a variance of 31.79% with significant factor 
loadings for NO and NOx. These pollutants may be 
transported from agricultural waste burning in nearby areas47, 
48. The factor, F 2 showed a 19.06% variance with significant 
factor loading for PM10 and PM2.5. The main source of PM 
may be the burning of fossil fuel in the vehicles49, 50. F 3 
represented variance of 17.35% with considerable loadings for 
SO2. F 1, F 2 and F 3 shows that vehicular emission may be 
the major source of PM, NO, NO2 and NOx.  However, F 4 
showed a variance of 11.68% with significant factor loadings 
for NO2. The vehicular emission can be the primary source of 
these emissions. The main source of these may be the thermal 
power plant51. 
IV.  CONCLUSION 
The comparison of air quality data for three consecutive 
years 2018, 2019 and 2020 showed that there was a reasonable 
reduction in the concentration of almost all pollutants in year 
2020 except for ozone and benzene. In 2020 the decrease in 
concentration may be observed due to various restrictions 
imposed during lockdown called due to COVID- 19 pandemic. 
However, after the lockdown is called off, the environment is 
overburden as all works started(including industries, 
Construction work, traffic movement etc.) and offices were 
opened and all are accelerating to recover the loss caused due 
to lockdown leading to the raise in the level of pollutants in 
the city. 
 
The pattern of meteorological parameters over the years 
also explains certain variations in the concentration of major 
pollutants. The principal component analysis, factor analysis 
and Pearson’s correlation identify the vehicular emission as 
primary source of air pollution in mega city, Delhi. The 
present study helps to locate and understand the possible 
sources and mechanism of air pollution over time. This may 
help in planning and framing appropriate policies to reduce the 
air pollution in the city. 
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